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Abstract: Respiratory syncytial virus (RSV) is an important respiratory pathogen in infants 
and children worldwide. Although RSV typically causes mild upper respiratory infections, it 
frequently causes severe morbidity and mortality, especially in premature infants and chil- 
dren with other chronic diseases. Treatment of RSV is limited by a lack of effective antiviral 
treatments; however, ribavirin has been used in complicated cases, along with the addition of 
intravenous immune globulin in specific patients. Vaccination strategies for RSV prevention 
are heavily studied, but only palivizumab (Synagis®) has been approved for use in the United 
States in very select patient populations. Research is ongoing in developing additional vac- 
cines, along with alternative therapies that may help prevent or decrease the severity of RSV 
infections in infants and children. To date, we have not seen a decrement in RSV morbidity and 
mortality with our current options; therefore, there is a clear need for novel RSV preventative 
and therapeutic strategies. In this review, we discuss the current and evolving trends in RSV 
treatment for infants and children. 

Keywords: bronchiolitis, lower respiratory tract infection, respiratory syncytial virus, 
probiotics, vitamin D 

Introduction 

Respiratory syncytial virus (RSV) is a negative-sense, single stranded RNA virus and 
a member of the Paramyxoviridae family.' The viral envelope of RSV contains three 
proteins, the G glycoprotein, fusion protein, and small hydrophobic protein.' The 
fusion protein is responsible for fusion, cell entry, and forming syncytia (Figure 1).' 
The G protein functions in attachment to the host cell while the small hydrophobic 
protein's function has not yet been completely elucidated.' 

Epidemiology 

RSV is ubiquitous in terms of disease exposure, with nearly all children having been 
exposed by 2 to 3 years of age.' The clinical scenario that results from RSV infection 
is typically a mild upper respiratory tract illness, but in infants and young children it 
can cause bronchiolitis, a lower respiratory tract infection (LRTI) characterized by 
wheezing, coughing, and respiratory distress.' Children < 1 year of age are at the high- 
est risk of severe RSV manifestations, including hospitalization and death.' 

While RSV is a global infectious agent, there is a clear seasonal variation in 
North American RSV incidence as reported by the Centers for Disease Control and 
Prevention (Figure 2). During 201 1-2012 the RSV season ranged from late October 
to mid- January, and season offset ranged from early March to early May, which 
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Figure I RSV causing syncytia formation. 

Notes: Green indicates RSV infecting pediatric bronchial epithelial cells; blue 
indicates nuclei: arrows indicate syncytial formation. Reproduced from Villenave R, 
Thavagnanam S, Sarlang S, et al. In vitro modeling of respiratory syncytial virus 
infection of pediatric bronchial epithelium, the primary target of infection in vivo. 
Proc Natl Acad Sci USA. 20 1 2: 1 09( 1 3):5040-5045." 
Abbreviation: RSV, respiratory syncytial virus. 

is consistent with previous years, except Florida, where 
RSV season has an earlier onset and longer duration? 
On average each year in the United States, RSV infec- 
tion leads to 132,000 to 172,000 hospitalizations among 
children <5 years of age, 100,000 to 126,000 hospitalizations 
among children <1 year of age, and 1.5 million outpatient 
visits among children <5 years of age.^ 

RSV has been estimated to cause nearly 34 million 
episodes of acute LRTIs yearly, with 3.4 million episodes 
severe enough to require hospitalization worldwide." 
Of those hospitalized, an estimated 66,000 deaths related 
to RSV occur yearly, especially children <2 years of age 
and those in developing countries. Other children at risk of 
acquiring severe RSV disease include those with congenital 
heart disease, congenital lung malformations, chronic lung 
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disease, and neuromuscular disease. Additional risk factors 
for hospitalization include age <6 months, male sex, siblings 
living in the household, daycare attendance, and exposure 
to tobacco smoke.* Finally, irrespective of RSV severity, 
many studies have demonstrated a long-term impact of 
RSV LRTI upon children leading to a higher risk of asthma 
development.^'' 

The management of acute RSV bronchiolitis is typically 
supportive. When hospitalization is required, supplemen- 
tal oxygen for hypoxemia and intravenous (IV) fluids for 
dehydrated or poorly feeding infants may be indicated. 
There have been numerous studies evaluating the role of 
bronchodilators (albuterol, nebulized racemic epineph- 
rine) and systemic corticosteroids in the treatment of 
bronchiolitis; however, routine use of these therapies has not 
been shown to be effective for the majority of children.'"" 
In this article, we discuss the current consensus statement 
on the treatment of children with RSV by the American 
Academy of Pediatrics (AAP), review currently available 
therapies used in the treatment of RSV, and explore evolv- 
ing treatment options. 

Management of RSV infection 

The AAP has developed guidelines on RSV and bronchiolitis 
(Table 1), which focus on both preventative and treatment 
measures. Analyses of various studies have shown no con- 
sensus among physicians worldwide regarding the diagnosis 
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Figure 2 Weekly average laboratory test results from the Centers for Disease Control and Prevention collected on a voluntary basis. 
Note: Reprinted with permission from the Centers for Disease Control and Prevention." 
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Table I Bronchiolitis guidelines by the American Academy of 
Pediatrics 



Therapy 


AAP recommendation 


Evidence 






level 


Inhaled bronchodilators 


Should not be routinely used; 


B 


(ie, albuterol, nebulized 


can consider trial and continue 




epinephrine) 


only if clinical response 




Corticosteroids 


Should not be routinely used 


B 


Ribavirin 


Should not be routinely used 


B 


Palivizumab prophylaxis 


Should be given to select infants 


A 




(premature infants <3S weeks 






gestation, children with 






congenital lung or heart disease) 




Antibacterial 


Should only be used in children 


B 


medications 


with documented comorbid 






bacterial infection 




Oral or IV fluids 


Should assess hydration status 


X 




and provide fluids accordingly 




Chest therapy 


Should not be routinely used 


B 


Oxygen 


Indicated if oxygen saturations 


D 




are persistently <90% in 






room air 





Notes: Evidence levels: A, well-designed randomized controlled trial (RCT) on 
relevant population: B, RCT v^ith minor limitations: C, observational studies: D, expert 
opinion, case reports; X, exceptional situations v/here there is clear evidence of 
benefit or harm. Data from the American Academy of Pediatrics Subcommittee on 
Diagnosis and Management of Bronchiolitis.'^ 

Abbreviations: AAP, American Academy of Pediatrics; IV, intravenous. 



and treatment of this disorder. As a result, the AAP in 2006 
published a consensus statement regarding the diagnoses and 
management of bronchiolitis.'^ 

Management of bronchiolitis varies widely, from the use 
of bronchodilators (alpha and beta adrenergic agents), corti- 
costeroids, antiviral therapies such as ribavirin, antibiotics, 
supplemental oxygen, and airway clearance. 

The AAP consensus statement regarding the management 
of bronchiolitis in otherwise normal, healthy children does not 
recommend the routine use of bronchodilators in the treatment 
of bronchiolitis. A carefully monitored trial of these agents 
with documented positive clinical response using objective 
measures can be considered. If the trial is successful, then 
continued utilization of these agents during the illness would 
be warranted for select patients. Another common agent uti- 
lized is systemic corticosteroids. In concordance, the AAP 
does not recommend the routine use of systemic or inhaled 
corticosteroids in the management of bronchiolitis. 

A variety of studies have been done using airway clear- 
ance measures such as vibration and percussion techniques, 
but these techniques have not shown clinical benefit. As 
a result, the AAP does not recommend the routine use of 
chest physiotherapy in the management of patients with 
bronchiolitis." 



Supplemental oxygen is indicated if the oxygen saturation 
falls persistently below 90% in otherwise previously healthy 
infants to maintain saturations >90%. 

As bronchiolitis is primarily caused by viral pathogens, 
the use of antibiotics should not be administered, but due to 
the concern about secondary bacterial infections, antibiot- 
ics may be unwittingly given during this illness. Studies 
have shown no benefit in the use of antibacterial agents for 
the treatment of bronchiolitis and also have demonstrated 
low rates of secondary bacterial infections in patients with 
bronchiolitis; when a secondary bacterial infection did occur, 
it was more likely to be related to a urinary tract infection 
than other sources.'^ Bacterial pneumonia in infants with 
bronchiolitis without consolidation is not a usual occwence. 
Despite this, about 25% of hospitalized infants with 
bronchiolitis will have radiographic evidence of infiltrates 
or atelectasis commonly mistaken as a bacterial infection." 
The AAP thus recommends that antibacterial medications 
should only be used in children with bronchiolitis when there 
is definitive indication of a coexisting bacterial infection, 
which should be treated in the same fashion as if bronchiolitis 
was not present." 

Ribavirin, which is described in more detail later in this 
review, is an antiviral therapy with a complex delivery system 
and high cost. Despite this, its efficacy has been controversial, 
as shown in a number of studies with conflicting results." 
Therefore, the AAP does not recommend the routine use of 
ribavirin in children with bronchiolitis. 

Finally, palivizumab prophylaxis to confer passive 
immunity against RSV during the RSV season is recom- 
mended for selected infants and children with chronic limg 
disease, history of prematurity (<35 weeks gestation), or with 
congenital heart disease, and it is generally given in 5 monthly 
doses, usually starting in November." This vaccine will be 
described in detail in the following section. 

As is evident, there are no true established therapies for 
bronchiolitis, with most treatments falling into the realm of 
supportive care once diagnosis has been made and others 
needing to be individualized to each patient, based on clini- 
cal benefit. 

Preventative/vaccination 

Palivizumab 

RSV preventative measures are an ideal priority for patients 
who are at the highest risk of complications. Palivizumab is a 
humanized monoclonal antibody specifically targeting one of 
the RSV proteins. It is active against both A and B subtypes 
of RSy* and can be administered either intramuscularly 
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or intravenously. While palivizumab has been extensively 
studied in the setting of RSV prophylaxis, limited literature 
is available addressing its use for treatment. One systematic 
review evaluated the outcomes when palivizumab was used 
for the treatment of both upper and lower respiratory tract 
infections. When clinical outcomes were compiled, three of 
25(1 2%) patients with upper respiratory tract infections who 
were given palivizumab died of RSV, and five of 88 (6%) 
patients with lower respiratory tract infections who received 
palivizumab died of RSV 

Most literature evaluating the potential benefits 
of palivizumab on RSV treatment is in the setting of 
immunocompromised patients, including those posttrans- 
plant or those with malignancies. A recent publication 
illustrates two pediatric patients with acute lymphocytic leu- 
kemia and persistent RSV infections who were successfiilly 
treated with IV palivizumab. Both patients were treated with 
doses of around 15 mg/kg and rapidly improved clinically 
after administration."" Another study evaluated 31 pediatric 
patients who received IV palivizumab for the treatment of 
RSV between 2001 and 2005. Patient illnesses ranged from 
complex congenital heart disease to hematopoietic stem cell 
transplant, and greater than three-fourths of patients who 
received palivizumab also received ribavirin therapy. Seven 
of the 29 survivors were discharged by day 5 after RSV diag- 
nosis and 20 survivors by day 10 after RSV diagnosis. No 
adverse events were reported related to palivizumab. ' ^ A sur- 
vey of current practices among the International Pediatric 
Lung Transplant Collaborative was published in 2012."* 
This survey revealed that of the 1 5 centers who responded to 
questions regarding treatment strategies, six centers reported 
using palivizumab (three ly three intramuscular). The dose 
reported by all centers was 15 mg/kg over the course of one 
day (intramuscular) or up to three days (IV).'* In adult popula- 
tions, some data has also been published with regard to the 
utility of palivizumab in the setting of acute RSV infection." 
An adult oncology center developed a guideline to facilitate 
the treatment of RSV infections in hematopoietic stem cell 
transplant recipients. The effectiveness of these guidelines 
was evaluated after implementation. Between 2006 and 
2008, 26 RSV-infected patients were identified. All patients 
received aerosolized ribavirin, and 13 patients received aero- 
solized ribavirin in combination with IV palivizumab. The 
guideline was followed in 20/26 patients (77%). No mortality 
occurred within 30 days of RSV diagnosis." 

The safety of palivizumab has been evaluated in published 
literature for children. In 2004, a study evaluating the safety of 
palivizumab when given during an acute infection compared 



5 mg/kg to 15 mg/kg to placebo.^" Serious adverse events 
were similar between the doses tested, ranging from fever to 
an eye disorder. There was no evidence of exacerbation of 
RSV disease or negative outcomes associated with receipt of 
palivizumab. No immune complexes were detected on the day 
of the infusion or 30 days after the infusion.^" Based on the 
published medical literature, palivizumab is safe and should 
be provided to those patients who are at significant risk for 
RSV and related complications, with the AAP defining those 
patients at risk in the pediatric population. 

Motavizumab 

Motavizumab is a second generation monoclonal antibody 
derived from palivizumab. When compared to palivizumab, 
motavizumab was 20-fold more potent in vitro and shown 
to be effective at lower doses in vivo.^' During evaluation 
by the United States Food and Drug and Administration 
(FDA) in 2010, the Antiviral Drugs Advisory Committee 
declined licensure on the basis of safety concerns includ- 
ing a 3 -fold increase in nonfatal hypersensitivity reactions, 
such as urticaria.^^ However, motavizumab was approved by 
the European Medicines Agency for use in Europe in 2010. 
In a 2009 study, motavizumab was given as an IV infusion 
to children with RSV infection and showed no difference 
when comparing motavizumab to placebo in adverse effects, 
duration of hospitalization, or requirement of supplemental 
oxygen.^' However, 73% of patients who received mot- 
avizumab tested negative for the virus via nasal secretion 
cultures one day after administration compared to 27% of 
patients who received placebo. The viral load was also sig- 
nificantly reduced in the motavizumab group .^^ Until there is 
more safety and clinical efficacy data, we cannot recommend 
the use of motavizumab. 

Medi-534 

Medi-534 is a live attenuated intranasal vaccine against 
RSV and parainfluenza (PIV) 3. Medi-534 was found to 
be immunogenic and provided protection when challenged 
with wild-type virus in RSV and PIV3 seronegative animals 
(hamsters and monkeys).^'' Medi-534 has also demonstrated 
safety in adults in a Phase I study. More recently, this 
vaccine was tested in RSV/PIV3 seropositive children 
aged 1-9 years and demonstrated an acceptable safety profile 
with these children.^'* Medi-534 restricts viral replication, 
but was minimally immunogenic in seropositive children. 
Unfortunately, studies have not yielded information regard- 
ing a safe and immunogenic dosage for seronegative infants 
and children who would be the ideal target population. 
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Further studies are needed to establish optimal immuno- 
genic dosing and safety in seronegative infants and children; 
therefore, we cannot recommend the use of Medi-534. 

Therapeutic options 

Ribavirin 

The only approved antiviral treatment of RSV by the FDA 
is ribavirin. Ribavirin inhibits replication of both RNA and 
DNA viruses, including RSV^"" This inhibition is achieved 
by direct (interference with RNA capping, polymerase 
inhibition, lethal mutagenesis) and indirect (inosine mono- 
phosphate dehydrogenase inhibition and immunomodula- 
tory effects) mechanisms.** Ribavirin can be administered 
intravenously, orally, and by aerosolization. It has often been 
given in combination with IV immunoglobulin (IVIG). As an 
aerosol, ribavirin given in experimental RSV infection was 
first described in 1972,^'' and then studied in young adults^' 
and later in infants with severe RSV infection.^* There are 
concerns for potential teratogenicity of inhaled ribavirin 
particles, so safety measures are warranted, and subsequent 
monitoring of pulmonary function and hematologic param- 
eters is important.^' 

According to a 2007 Cochrane review, four trials with 
158 infants who were randomized to aerosolized ribavirin 
versus placebo found a statistically significant difference 
in mortality rate (5.8% versus 9.7%, odds ratio [OR] 
0.58 [0.18-1.85]).'° In three trials with 116 participants, 
there was a decrease in probability of respiratory deteriora- 
tion (7.1% versus 18.3%, OR 0.37 [0.12-1.18]).''' However, 
these studies remain underpowered to draw full conclusions. 
In three studies of 104 ventilated participants, the mean 
difference in days of hospitalization and mechanical ventila- 
tion was 1.9 days and 1.8 fewer days in the ribavirin group, 
respectively.'" In this meta-analysis, there were no statistically 
significant differences in long-term pulmonary function or 
incidence of recurrent wheezing following RSV infection 
with the use of ribavirin.'" 

Moreover, a significant decrease in mortality and 
pulmonary related morbidity due to RSV was reported in 
hematopoietic cell transplant recipients with aerosolized 
ribavirin being protective against overall and pulmonary 
mortality." However, this study was also underpowered 
with an OR <1, with difficulty to replicate in larger 
cohorts. On a long-term basis, ribavirin was an indepen- 
dent factor in reducing the risk of developing asthma, 
asthma/recurrent wheezing, sensitization to dust mites 
and reduced severity of reactive airway disease and related 
hospitalizations . '"'^ 



RSV treatment strategies for infant lung transplant 
recipients, including ribavirin and IVIG or corticosteroids, 
vary at pediatric lung transplant centers'^ and are reported to 
decrease mortality and are well tolerated," but comparison 
studies are not available. In a retrospective study, no signifi- 
cant differences were noted in 6-month outcomes between 
oral and aerosolized ribavirin therapy for RSV infection 
after lung transplantation." In five symptomatic adult lung 
transplant recipients with acute RSV infection, pulmo- 
nary function returned to baseline with oral ribavirin 3 to 
10 months after treatment and was maintained at follow-up 
of 565 days with no complications or deaths.'* In their article, 
the authors discussed an important point of cost differences 
between oral and aerosolized ribavirin in those five patients, 
specifically $700 versus $14,000 for a 10-day treatment 
course, respectively.''* IV ribavirin with corticosteroids has 
also shown to be safe and cost-effective in lung transplant 
recipients compared to inhaled ribavirin in lung transplant 
recipients.'^ Oral ribavirin and corticosteroid have been 
well-tolerated and cost-effective therapeutic regimen in the 
treatment of lung and heart/lung transplant recipients.'* 

Safety and financial concerns often overshadow the 
potential benefits of ribavirin, limiting its routine clinical 

18,29 Basg(j on the current medical literature, ribavirin is 
an efficacious treatment for acute RSV infection, especially 
in patients at risk for mortality related to the acute infection 
such as infants and younger children and lung transplant 
recipients. The patient populations that appear to benefit the 
most are infants with severe RSV infection leading to the 
need for mechanical ventilation and the infant lung transplant 
population. Although further research is needed, the route of 
administration for the specific populations should be aero- 
solization for those patients on mechanical ventilation and 
an oral form (along with corticosteroids) for pediatric lung 
transplant recipients. 

RSV-IVIG 

Significant reductions in RSV shedding from the respiratory 
tract following parenteral therapy with human IVIG, contain- 
ing high titers of RS V-neutralizing antibodies, was noted in 
animal models." As this was well tolerated during a pilot 
study in infants and children," the natural immune response 
to RSV from pooled human plasma was harvested and devel- 
oped into a prophylactic polyclonal hyperimmune RSV-IVIG 
(RespiGam; Medlmmune, Gaithersburg, MD, USA). 

RSV-IVIG was initially used as it provided adequate pas- 
sive immunity, decreased incidence of RSV hospitalization by 
4I%-65%, reduced hospital length of stay by 53%-59%, and 



ClinicoEconomics and Outcomes Research 2014:6 



submit your manuscript | www.dovepi ess.con 

Dovepress 



221 



Turner et al 



Dovepress 



decreased the severity of infection in children <24 months 
who were born at <35 weeks gestation.'' However, per the 
RSV immune globulin study group,'*" RSV-IVIG was safe 
but not efficacious enough in infants with bronchopulmonary 
dysplasia, congenital heart disease,"' or premature gestation. 
RSV-IVIG was cost-effective only when reserved for infants 
at highest risk for developing severe RSV infections and not 
cost-effective when used for FDA approved indications.''^ 
RespiGam was discontinued in October 2003, as it was 
superseded by palivizumab in terms of potency (50 times 
the potency, easier administration, lack of interference with 
measles, mumps, rubella, and varicella vaccine, and lack 
of complications with IV administration of human immune 
globulin products)."' 

According to a Cochrane review published in 2010,"' 
the efficacy of IVIG in the treatment of RSV infection was 
evaluated by four prior randomized, controlled trials, with 
none demonstrating significant benefit in terms of mortality, 
length of stay, length of ventilation, oxygen dependence, 
pulmonary function, readmissions, and long-term respiratory 
issues when comparing supportive care with and without 
IVIG. There is likely a role for IVIG in acute RSV infec- 
tion, however further research is needed."' Affinity-purified, 
RSV-specific antibodies in IVIG preparations seemed to offer 
broad-spectrum protection to RSV-infected children during 
mixed infections, and further investigation is warranted."" 
We carmot recommend RSV-IVIG for routine clinical use, 
but it may be considered on a case-by-case basis for the risk 
factors for individual patients. 

Alternative therapies 

Cathelicidins/vitamin D 

Cathelicidins, which are immunomodulatory cationic host 
defense peptides, are a key component of innate immunity, 
with bactericidal"^ and recently identified antiviral properties, 
especially against influenza"' and rhinovirus."' LL-37, the 
active form of the sole human cathelicidin, h-CAP-18, is 
expressed in neutrophils and epithelial cells, and airway 
epithelial cell expression of LL-37 is induced in vitro by RSV 
infection"** and significantly upregulated by the l,25(OH) 
metabolite of vitamin D."' 

In a recent study by Currie et al,^" the immunomodula- 
tory role of human cathelicidin LL-37 against RSV and 
the bronchial epithelial host defenses were studied. The 
simultaneous exposure of LL-37 and virus resulted in signifi- 
cant dose-related reduction in infectivity, partly due to direct 
effect on the viral particles and also reduced susceptibility of 
the bronchial epithelial cells to infection. Also, continuous 



treatment of RSV-infected human epithelial cells to LL-37 
resuhed in significant reduction in cell apoptosis compared to 
untreated cells. Postexposure treatment with LL-37 showed 
that spread of the virus in human epithelial cells can be lim- 
ited and thereby protect the intact epithelium. The antiviral 
activity of LL-37 is retained by a truncated peptide fragment, 
which opens the possibility of development of shorter peptide 
analogs, which may enable development of newer therapeu- 
tic interventions for RSV. Current therapeutic innovations 
are directed towards enhancing LL-37 expression with 
drugs such as butyrate and/or vitamin D supplementation. 
4-Phenylbutyrate has been shown to upregulate h-CAP-18/ 
LL-37 expression in human airway epithelial cells in vitro, 
especially when acute short-term upregulation is required.^' 
Thus, modulation of cathelicidin expression with upregula- 
tion by vitamin D raises the potential of development of 
synthetic peptide analogs for use in postexposure RSV 
prophylaxis. This is a therapeutic option in development that 
is clearly showing some promise in current studies. 

A meta-analysis of existing literature on vitamin D 
receptor polymorphisms supports an association between the 
Fokl vitamin D receptor polymorphism and RSV severity. 
This is in addition to studies of cord blood vitamin D lev- 
els which demonstrate that birth 25-hydroxy vitamin D 
concentrations <50 nmol/L increase the risk of RSV in 
the first year of life by sixfold.^' Subsequent vitamin D 
intervention studies, such as the pediatric randomized trial 
in Mongolia, have shown the ability of vitamin D to reduce 
acute respiratory events.^" However, a specific reduction 
in RSV incidence has not been delineated to date. Further 
work is also needed to determine the impact of vitamin D 
on RSV prevention in all children, including those patients 
with deficiency of this fat soluble vitamin. 

Pre- and probiotics 

The role of the gut microbiota in preventing respiratory 
infections and modulating immune responses has been the 
focus of many recent studies. Specifically, prebiotic and 
probiotic supplementation in a preterm infant population 
(32 to 36 weeks) has been shown in a randomized trial to 
reduce the incidence of viral respiratory tract infection in 
comparison to placebo. The study population had a much 
higher incidence of rhinovirus compared to RSy but these 
findings suggest a potential preinfection intervention strat- 
egy for premature infants. It is unclear if this same strategy 
would be applicable to full-term and older infants, as another 
recent study in a daycare population with probiotics has only 
shown a reduction in symptom days, without a reduction 
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in RSV incidence.^'' Irrespective, modifying RSV disease 
incidence in premature infants with a relatively cheap and 
available option such as probiotics would be more easily 
implemented worldwide than most current expensive and 
resource-heavy strategies. Although further studies are 
needed to better define the role of prebiotics and probiotics 
for RSV infection, they appear not to be associated with any 
significant adverse events. 

Curcumin 

Naturally occurring substances such as curcumin may 
provide protection in RSV acquisition. Curcumin ([1E,6E]- 
1 ,7-bis[4-hydroxy-3-methoxyphenyl]- 1 ,6-heptadiene-3,5- 
dione) is a principle component of the spice turmeric and 
is responsible for the bright yellow color in curried dishes. 
Curcumin has pleiotropic effects in the body including anti- 
inflammatory, anticancer, antiviral, and autophagy manipu- 
lation."'^^ Recently Obata et al demonstrated the effects of 
preinfection curcumin treatment on preventing RSV replica- 
tion in human nasal epithelial cells with little cytotoxicity.'"' 
However, there was minimal effect on lung epithelial cells, 
suggesting that curcumin would work best as a preventative 
therapy to lessen disease acquisition and severity. While 
few side effects exist with curcumin supplementation, the 
exact route and dose needed for RSV prevention in children 
would still need to be determined, as RSV is still prevalent 
in areas such as India with extensive turmeric use.'" The use 
of curcumin as a potential preventative treatment of RSV 
is intriguing, but it cannot be recommended for clinical use 
until further research identifies benefit for patients. 

Modified dingchuan decoction 

Modified dingchuan decoction (MDD) is a mixed formu- 
lation of the Chinese herbs Salviae miltiorrhizae radix, 
Scutellariae radix, Farfarae flos, and Ephedrae herba. It is 
anecdotally known to improve cough, asthma, pneumonia, 
and bronchiolitis in east China. In a murine model, MDD 
was shown to decrease lung histopathology, viral loads, 
and inflammatory mediators with low toxicity when given 
for 3 days.*' Additionally, in vitro analysis demonstrated a 
higher selectivity index against RSV than ribavirin in cell 
lines.''' These effects would make MDD treatment trans- 
latable to patients as a postinfection therapy to reduce the 
severity of symptoms. However, MDD preparations have 
not been tested outside of murine models in a controlled 
setting, and they would require rigorous methods to ensure 
the safety and the reproducibility of preparations without 
additional additives. As with other developing potential 



RVS therapeutics, MDD needs further study before it can 
be used in humans. 

Conclusion 

RSV infections continue to be a significant problem world- 
wide, especially for infants and children, costing millions in 
health care expenditure. Our mainstay of therapy for RSV 
infection is prevention with palivizumab. Focus on vaccine 
development is a priority, with this single vaccine remaining 
our only option in a limited patient population as identified 
by the AAR Newer vaccines such as Medi-534 are promising 
but still in the early stages of trials. 

Therapy with ribavirin has proven beneficial in cer- 
tain patient populations, particularly critically ill patients 
on mechanical ventilation and lung transplant recipients. 
However, the complexity and risk of aerosolization of ribavi- 
rin remain the subject of debate, especially with the equivalent 
outcomes with oral therapy, which significantly reduces the 
costs. Further research is clearly needed to directly compare 
the long-term efficacy of oral versus aerosolized ribavirin 
therapy for RSV 

Alternative therapies such as cathelicidin and MDD 
appear to have some promise but need further study to 
identify safety and dosing regimens before being used in 
patients. Recent findings involving probiotics, prebiotics, 
and vitamin D are appealing and would provide relatively 
easy and inexpensive options in children with RSV infection. 
If further research determines the validity of these early 
findings, we theorize these therapies as more complementary 
to standard supportive care and other various agents. Despite 
the promise that alternative and complementary therapies 
have in preventing and treating RSV, it is clear that fijrther 
studies are needed to more clearly define their role and 
potential benefits in RSV pathogenesis. 

Our therapeutic armamentarium against RSV is limited, 
but current research holds promise with new therapies under 
development and alternative options also undergoing study. 
As new treatments are introduced into patient care, syner- 
gistic effects with the traditional prophylactic therapies and 
drugs will also be needed. 
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